Although wound healing is generally a successful, carefully orchestrated and evolutionary sound process, it can be disregulated by extrinsic factors such as psychological-stress. In the SKH-1 restraint stress model of cutaneous wound healing, the rate of wound closure is approximately 30% slower in stressed mice. Delay in healing is associated with exaggerated acute inflammation and deficient bacterial clearance at the wound site. It has been suggested that wound hypoxia may contribute to the mechanisms of impaired cutaneous wound healing in the mouse SKH-1 model.
a b s t r a c t
Although wound healing is generally a successful, carefully orchestrated and evolutionary sound process, it can be disregulated by extrinsic factors such as psychological-stress. In the SKH-1 restraint stress model of cutaneous wound healing, the rate of wound closure is approximately 30% slower in stressed mice. Delay in healing is associated with exaggerated acute inflammation and deficient bacterial clearance at the wound site. It has been suggested that wound hypoxia may contribute to the mechanisms of impaired cutaneous wound healing in the mouse SKH-1 model.
Optimal healing of a cutaneous wound is a stepwise repair program. In its early phase, an inflammatory oxidative burst generated by neutrophils is observed. About 40% of neutrophils cytosolic protein weight is comprised of two calcium binding proteins S100A8 and S100A9. Our previous work has shown that S100A8 act as an oxidation-sensitive repellent of human neutrophils in-vitro. Ala 42 S100A8, a site-directed mutant protein is resistant to oxidative inhibition and inhibits neutrophil recruitment in-vivo.
Accordingly, we tested the hypothesis that S100A8 may ameliorate wound healing in this model. We examined the effect of wild-type and ala 42 S100A8 for their ability to ameliorate wound closure rates.
The data indicated that a single local application of ala 42 S100A8 ameliorated the decreased rate of wound closure resulting from stress. This occurred without significantly affecting wound bacterial clearance. Wild-type S100A8 only had a partial beneficial effect on the rate of wound closure. Those findings support further translational studies of S100 based intervention to ameliorate impaired wound healing.
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Introduction
Psychological-stress affects physiological functioning both directly via somatic pathways, and indirectly by triggering maladaptive behaviors. Studies have suggested that psychological factors appear to interfere directly with wound healing and closure (Godbout and Glaser, 2006) . Marital stress, manifested as marital strife, was associated with a 40% delay in wound healing and a defective immune response (Glaser et al., 1999) . Caregivers of patients with Alzheimer's disease who reported emotional conflicts, compared with age-matched non-caregiver controls, required 9 additional days to heal a full-thickness skin wound (Kiecolt-Glaser et al., 1995) , with the widest disparities in healing rates observed in the first 2 weeks after wounding. A study of oral wounds in dental students revealed that healing proceeded at a 40% slower average rate in oral wounds placed 3 days before examinations, compared with identical wounds placed in the same students during their summer vacations (Marucha et al., 1998) .
Cutaneous wound healing is a multi-step process prone to hypoxia. Conceptually, wound healing can be divided into three sequential but overlapping phases: inflammation, proliferation and remodeling (Thomas et al., 1995) . Oxygen metabolism and redox homeostasis are critical in all phases of the healing process. Initially, wounding produces damage to blood vessels and reduces oxygen availability. Furthermore, the early post-wounding acute inflammation phase is characterized by the rapid recruitment and activation of peripheral neutrophils. During their activation neutrophils consume large amount of oxygen to produce antimicrobial reactive oxygen species which profoundly alter the biology of the inflamed tissue. Consequently the healing process combines an early reduction in blood supply with a substantial increase in oxygen demand further contributing to potential wound hypoxia.
In the established mouse SKH-1 restraint stress model, psychological-stress induces delays in wound closure from day 1 postwounding. Wound closure is slowed by approximately 30% in mice subjected to stress (Padgett et al., 1998) . Stress also results in more than fourfold higher corticosterone plasma levels with a peak after the 4th and 5th stress cycles (Padgett et al., 1998) . Delay in wound closure is associated with disregulated inflammation and defective bacterial clearance. Oxygen metabolism and hypoxia appear to be involved in impaired healing seen in stressed animals. 
